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ABSTRACT 

Part 5 of the AH-1G helicopter Phase B test was conducted at 
Yuma Proving Ground, Yuma, Arizona,  from 6  through 9 February 1968 
by the US Army Aviation Test Activity,   Edwards Air Force Base, 
California.    The test consisted of firing th« XM-28 chin turret, 
with one 7.62 millimeter automatic gun  (M-134) and one 40 milli- 
meter grenade launcher (XM-129)   to determine the weapons system's 
effect on the stability and control characteristics of the hell- 
copter.     No safety of flight restrictions resulted from firing 
this system within the flight envelope.    Correction of four defi- 
ciencies  Is mandatory to provide acceptable mission effectiveness 
and safety.    These deficiencies are the Inadequate forward visi- 
bility from the pilot's cockpit due to the N-9A gunslght Installa- 
tion,  the lack of a fire warning system,  the lack of a standby 
generator for IFR flight, and link Jam malfunctions of the mlnlgun 
during symmetrical pull-out maneuvers.     Fifteen shortcomings,  for 
which correction Is desirable,  limit mission effectiveness.    The 
reliability of the weapons system was questionable and service 
type testing should be conducted prior to system acceptance. 
Correction of the deficiencies Is mandatory and should be tested 
prior to deployment.    Shortcomings,  for which correction Is desir- 
able,  should be corrected on a high priority basis. 

» 
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FOREWORD 

During the conduct of the AH-1G helicopter Phase B, Part 
5 test at Yuma, Arizona» the test helicopter with Installed 
special Instrumentation was maintained by Bell Helicopter Company 
personnel.    Data reduction assistance was also provided by Bell 
Helicopter Company personnel.    US Army firing ranges, hanger 
and office facilities at Yuma Proving Ground, Arizona were utilized. 
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INTRODUCTION 

BACKGROUND 

1. The XM-28 chin turret was designed to accommodate three 
basic weapons' configurations.  These configurations are:  (1) 
two 7.62 millimeter automatic guns M-134 (miniguns); (2) two 
40 millimeter grenade launchers XM-129 (launchers); and (3) 
one 7.62 millimeter automatic gun M-13A and one 40 millimeter 
grenade launcher XM-129. The third configuration, hereafter 
referred to as the Hybrid, is capable of operating with either 
gun on the right or left side of the turret.  Configurations 
(1) and (2) were previously flight tested by the US Army 
Aviation Test Activity (USAAVNTA) and the results of these 
tests are contained in references 1 and 2, appendix I.  This 
test, directed by references 3 and 4, appendix I, was conducted 
with the Hybrid configuration and completes the engineering 
flight tests of the XM-28 chin turret. 

TEST OBJECTIVES 

2. The objectives of this test were to provide flight test 
data to: 

a. To assist in determining if the contractor's proposed 
flight envelope should be used by Army pilots for future 
service tests, logistic tests, or operational tests. 

b. Define any helicopter or weapons system deficiencies 
to allow early correction. 

c. Provide a basis for evaluation of subsequent changes 
Incorporated to correct deficiencies. 

d. Determine the aircraft and weapon system capabilities 
to perform their intended mission. 

DESCRIPTION 

3. The AH-1G helicopter, manufactured by Bell Helicopter Company, 
is a tandem, two-place, high speed conventional helicopter 
with a two-bladed door hinge type main rotor and a conventional 
antitorque rotor.  The helicopter was designed specifically 
for the attack mission from a land based operation and is 
capable of operating under day/night visual or instrument flight 
conditions.  The AH-1G is equipped with a three axes stability 
and control augmentation system to improve helicopter stability 
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and control ch«r«ct«rlatlci. The powerplant Is a Lycomlng T53L- 
13 turbo-shaft angina ratad at 1400 shaft horsepower (shp) at 
aaa level under standard day static conditions. The engine 
is pilot limited to 1100 shp due to the maximum torque limits 
of the helicopter's main transmission. The distinctive features 
of the AH-1G are the narrow fuselage (36 Inches), the stub mid- 
wings with four external stores stations and the integral XM-28 
chin turret. The flight control system is a positive mechanical 
irreversible type with conventional helicopter controls in the 
pilot's aft cockpit.  The copilot/gunner's controls in the for- 
ward cockpit consist of conventional antitorque pedals and side- 
arm collective and cyclic controls. An electrical force trim 
system is connected to the cyclic and directional controls to 
induce artificial feel and to provide positive control centering. 
A synchronized elevator is used to Improve static longitudinal 
stability and increase the center of gravity (C.G.) range. The 
teat helicopter, AH-1G serial number 66-15283, was represent- 
ative of production helicopters. A complete aircraft description 
is contained in references 5 and 6, appendix I. 

4. The XM-28 chin turret with the Hybrid weapons system incor- 
porates one 7.62 millimeter automatic gun (M-134) and one 40 
millimeter grenade launcher (XM-129). The system is hydraulically 
and electrically operated and is fully flexible. A copilot/gunner's 
sighting station is provided for the purpose of tracking and 
firing the turret guns. Maximum turret positions are 107.5- 
degreea left and right azimuths, 50-degrees depression and 12- 
degrees to 17.S-degreea elevation. The pilot can control and 
fire the weapons system from a forward stowed position, only. 
Rates of fire of the 7.62 millimeter automatic gun are 1300 
and 4000 rounds per minute.  Either rate may be selected by 
the copilot/gunner or pilot. Continuous fire is limited to 
6 second bursts by an automatic burst llmiter to prevent overheating 
of the weapon. The 40 millimeter grenade launcher has a rate 
of fire of 400 rounds per minute and is automatically limited 
to 10 second bursts. Although separate switches are provided 
for selecting minigun or launcher fire the system is designed 
to fire one weapon at a time. Should both switches be depressed 
simultaneously an overriding feature will allow only the minigun 
to fire. A full complement of ammunition consists of 4000 rounds 
of 7.62 millimeter and 300 rounds of 40 millimeter. 

SCOPE OF TEST 

5.  Flight tasting of the Hybrid weapons system was conducted 
to evaluate the system's firing effects on the stability and 
control characteristics of the AH-1G helicopter. Weapon config- 
urations and turret positions tested are presented in tables 
1 and 2. 
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Table 1.    Hybrid Configurations. 
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6.    Four  flights were conducted for a total of 7.1 hours of 
flying time.     The flight restrictions and operating limitations 
stated by Flight Standards Office, AVCOM were observed during 
this test and are summarized in appendix 111.    A safety of 
flight release  (ref 7, app I) was issued by US Army Aviation 
Materiel  Command   (USAAVCOM),   St.   Louis, Missouri.    During the 
test approximately 15,500 rounds of 7.62 millimeter and 630 
rounds of 40 millimeter ammunition were expended.    Test CG. 
locations are presented in figure 1,  appendix II.    An airspeed 
calibration for this aircraft was conducted during the Phase B, 
Part III  test   (ref 1, app I)  and the results are presented in fig- 
ure 21,  appendix II.    Flight  test conditions are presented in table 3. 
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Table 3. Flight Test Conditions. 

Configuration Weapon   Airspeed     Turret Position 

1   A Klnlgun  Hover     1, 2» 3. 7. 8, 9 

130      1, 2. 3. 4. 5. 6. 7. 9 

H 176      1, 2, 3. 4, 5. 6, 7f 9 

B Mlnigun  Hover      8 

130      1. 2, 3. 4, 5. 6, 7, 9 

..- 
Utmeher  130      lf 2. 3, 4. 5, 6, 7, *^ 

Gross Weight Bange:    7360 to 8480 lb; C.G. Range: 196.6 to 199.3 
in FRL; Density Altitude:    1500 to 3400 ft;  Rotor Speed: 324 rpm. 
Instrumentation pods installed on outboard wing stations. 

METHODS OF TEST 

7.    Stability and control data were obtained using standard 
engineering flight test methods.    All firing was initiated from 
steady heading, balanced flight at stabilized airspeed of 130 
KIAS (a representative attack airspeed) , 180 KIAS (V,.. J or 
from hovering flight out of ground effect  (OGE).    Then?ests were 
conducted at an aft C.G.  and light gross weight to attain max- 
imum reactions on stability and control.    The majority of the 
tests were conducted with the mlrlgun firing at the high rate 
since previous tests  (ref 1 and 2, app I)  show greater aircraft 
reactions when firing this weapon. 

8. Oscillograph and cockpit data were recorded with the flight 
controls fixed and free.    The control-fixed method was used to 
evaluate the effects of the weapons firing upon the stability and 
control parameters and the control-free method was used to eval- 
uate the pilot's ability and workload in maintaining the initial 
trim flight  condition.    Qualitative ratings of flying qualities 
are based on the Pilot Rating Scale  (PRS) presented as appendix IV. 
A list of test instrumentation is contained In appendix V. 

9. Various  factors,  such as turret position,  airspeed and physical 
location of  the weapon,  i.e. configuration A or B, affect the air- 
craft's reaction to the single firing of dual mounted weapons. 
In an attempt to isolate these factors,  the test was conducted in 
the sequence listed below. 
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a. Fire all turret positions at one airspeed. 

b. Vary airspeed and fire one turret position. 

c. Change weapon configurations and spot check selected tur- 
ret positions. 

CHRONOLOGY 

10. The chronology of this test Is as follows: 

Test directive received 20 October 1967 

Test helicopter received 6 February 1968 

Flight tests commenced 6 February 1968 

Flight test completed 9 February 1968 

Draft report submitted 4 March 1968 

Final report forwarded April 1968 

j 



RESULTS AND   DISCUSSION 

FIRING TESTS 

General 

11. Firing tests were conducted in the test configurations listed 
in paragraphs 5 and 6 to determine the effects of the XM-28 Hybrid 
weapons system firing on the stability and control characteristics 
of the AH-10 helicopter.    Yaw and pitch axes firing reactions were 
small at all conditions tested and required only minor pilot com- 
pensation to maintain the desired flight condition.     Roll axis 
firing reactions were also small, however,   the aircraft exhibited 
an oscillatory roll response to all  firing and considerable pilot 
compensation in lateral control was required to maintain the 
initial trim flight condition.    Although the lateral reactions 
and control corrections were insignificant regarding safety of 
flight,  the pilot effort required to damp the roll oscillation 
will have a detrimental effect on rocket gunnery where a stable 
gun platform is necessary for firing accuracy. 

12. The effects of the weapons firing  (flight controls fixed) 
on the stability and control parameters are presented as time 
histories in figures 2 thru 19,  appendix II.    Figures  2 thru 15 
are the results of firing the minigun in configurations A and B. 
Figures 16 thru 19 are the results of launcher firing in config- 
uration A.    All extreme minigun turret positions are presented 
with  the exception of 90-degree left azimuth,  full down depres- 
sion.     In this position a trigger switch malfunction prevented 
the copilot/gunner from firing the minigun at the high rate of 
fire.    Previous testing  (ref 1,  app I)  indicated that no safety 
of flight restrictions existed from firing two miniguns simul- 
taneously from this turret position. 

Yaw and Pitch Axes Reactions 

13. Yaw and pitch axes reactions to the minigun and launcher 
/Iring were determined for  the turret positions and flight 
conditions listed in tables  1,  2 and 3.    The rates at 0.5 
seconds after start of firing  (a representative pilot reaction 
time)  and the maximum rates  that occurred during the firing 
sequence are presented in table 4.    Under all conditions tested 
the yaw and pitch axes reactions were very small and should not 
create a target tracking problem to the copilot/gunner or the 
pilot  (PRS A3,  app IV). 
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Table 4.    Yaw and Pitch Rates. 

KCA8 

129 

£ov*r 

Waapon 
and 

Turrat 
Poaltion 

Minlgun 
0° asiauth 
full up 
alavatlon 

Minlgun    2.0 
90° right, laft 

0 alavatlon 

Minlgun 
0 asinuth 
0 alavatlon 

Yaw Rataa /sec Pitch Rataa p/aac 

Rata at Maximum Rata Rate at  Maxiaum Rate 
0.5 aec and time    0.5 (aac) and time (aac) 

(•ec) 

2.0 down 2,0 down» 
0.5 aac 

3.2 right, 
2.25 

14. The pilot compensation for longitudinal and directional 
control to maintain steady heading, balanced flight is presented 
as a time history in figure 20, appendix II. With the minlgun 
firing at a turret position of 90-degrees right azimuth, full 
up elevation, the yaw rates and attitudes were arrested and 
stabilized within 4 seconds with two Inputs of longitudinal 
control and one input of pedal control. The reactions were 
easily compensated for by the pilot without over controlling 
(PRS A3). 

15. Yaw axes reactions resulting from firing the minlgun from 
a position off the longitudinal axis of the aircraft were also 
small. The maximum yaw reactions resulting from asymmetric 
firing occurred in hovering flight and were not objectionable. 
Hover firing tests were conducted with the minlgun in config- 
uration A and B and no significant changes in asymmetric firing 
reactions were noted. The yaw reaction obtained at 128 KCAS was 
.2 degrees per second left yaw rate and was not perceptible to 
the pilot (PRS Al, app IV). 

Roll Axiw Reaction 

16. Roll axis reactions (flight controls fixed) to the minlgun 
and launcher firing are included in figures 2 thru 19, appendix 
II. Under all firing conditions tested, the roll rates were 
small and did not cause any unsafe flight condition. The maximum 
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roll rate was 6-degree/8ec right and occurred after 1 second 
of mlnigun firing from a turret position of 90-degree right 
azimuth, full down depression. 

17. Although the roll rates were small, the data indicated 
that regardless of weapon, turret position, or airspeed, firing 
caused a roll oscillation. This indicated weak roll damping. 
The pilot effort required to damp this oscillatory roll response 
is presented in figure 2u, appendix II.  The data show numerous 
inputs of lateral control as the pilot attempted to maintain 
steady-heading, balanced flight. Although the pilot was able 
to return the aircraft to the original trim attitude in 3.5 
seconds, continuous lateral corrections were required throughout 
the firing sequence to damp the roll oscillation. Stabilizing 
the helicopter in roll attitude required considerable pilot 
compensation and even greater pilot effort would be required 
if the turret weapon was traversed while firing (PRS A5, app 
IV). The pilot effort required to maintain a desired roll at- 
titude adversely affects rocket gunnery, in that full pilot 
attention must be given to gunnery techniques and to the tactical 
situation in order to achieve satisfactory accuracy. An increase 
in lateral damping is desirable for improved operation and mis- 
sion accomplishment. 

COCKPIT EVALUATION 

Pilot's Cockpit 

18. With the pilot's seat in upper most position, the pilot's 
forward visibility is obstructed by the N-9 pilot's gun sight. 
This restriction to forward vision is particularly noticeable 
during contour flying and the final portion of approaches to 
a landing. During normal approaches, where peripheral visual 
cues to the intended landing area are not available, the pilot 
must fly the aircraft in a 5 to 10-degree sideslip during the 
final portion of the approach to compensate for the visual ob- 
struction (PRS A5, app IV). During autorotative approaches, 
this sideslip technique cannot be employed and the pilot can- 
not observe his Intended landing area during the flare just 
prior to touchdown.  Because of the reduced visibility, the 
pilot compensation required to perform an autorotative landing 
during daylight hours was excessive (PRS A6, app IV). During 
night operations, when visibility is already restrictive, it 
is doubtful that repeatable successful touchdown autorotatlons 
can be accomplished even under ideal conditions (PRS U7, app 
IV). An Increase in forward cockpit visibility is mandatory 
for satisfactory operation and mission accomplishment. The 

  



shortcomings noted In reference 1, appendix I,concerning the 
headphone Jack cord and the smoke grenade dispenser switch have 
not been corrected and were still applicable. 

Copilot/gunner*s Cockpit 

19. Entry and egress to the copilot/gunner's cockpit was dif- 
ficult. The one single step is located 38 inches from ground 
level at a position too high for comfortable use. An individual 
of average slze,wearlng combat dress i.e. flak jacket, chest 
protector and sldearm; would require assistance from a ground 
crewman to gain entry to the cockpit. An additional lower 
step is desirable for Improved entry and egress to the copilot/ 
gunner's cockpit. 

20. The copHot/gunner*s cockpit was Identical to the one 
evaluated in references 1 and 2, appendix I. The shortcomings 
noted in reference 1, appendix 1«concerning sight interference, 
non distinct positions of the trigger switches and mislocation 
of functional switches have not been corrected and are still 
applicable. 

MISSION SUITABILITY 

Aircraft 

Fire Warning System 

21. A fire warning system is not provided on production AH-1G 
helicopters. Installation of a fire warning system is mandatory 
to accomplish the Intended combat mission with a satisfactory 
degree of safety. 

Electrical System 

22. The AH-1G helicopter is equipped with one 300 amp generator. 
A generator failure will preclude satisfactory completion of 
an attack mission, and during Instrument flight operations may 
preclude safe return of the aircraft. Incorporation of a standby 
generator is desirable for day/night visual operations and is 
mandatory for mission requiring instrument flight. 

Weapons System 

23. Prior to this test several stoppages of the minigun were 
encountered during tests by Bell Helicopter Company. The stop- 
pages occurred when ammunition links Jammed in the link ejection 
chute and prevented the weapon from firing. The link Jams occurred 



when the minlgun was configured on the right side, with the 
turret position «as 90-degree left azimuth» full down depression, 
and while maneuvering the aircraft in a high speed symmetrical 
pull-out and firing at the high rate of 4000 rounds/minute. 
This maneuver was repeated four times during this test using a low 
rate of fire  (1300 round per minute). Stoppage occurred each time  . 
Link jams were the cause of  three malfunctions.    The cause of 
the fourth stoppage was unknown.    The weapons system contractor's 
representative stated that the probable reason this particular 
malfunction did not occur during the twin minlgun testing (ref 
1,  app I) was the difference in link ejection chutes.    A prototype 
link ejection chute was used during the twin minlgun tests while 
a production link ejection chute was Installed for this test. 
Correction of the link jam malfunction is mandatory for satis- 
factory operation and mission accomplishment. 

24. During the conduct of this test 13 malfunctions occurred 
while expending 15,500 rounds of 7.62 millimeter ammunition 
and  650 rounds of 40 millimeter ammunition indicating poor re- 
liability of the weapons system.    Although a portion of these 
malfunctions could have been the result of defective ammunition 
and ammunition linkage this reasoning was not substantiated 
during this test.    It is recommended that service testing be 
conducted prior to system acceptance to determine if  the Hybrid 
weapons system's reliability is satisfactory for operation and 
mission accomplishment. 

MAINTENANCE SUITABILITY 

Aircraft 

25. The following shortcomings noted in reference 1, appendix 
I, were not corrected and were still applicable. 

a. The 90-degree gear box and mount casting are not easily 
accessible for daily inspections. 

b. The lack of hand holds to assist in rotor head dally 
inspections. 

c. An inadequate amount of non-skid type material Installed 
on the stub wings. 

d. The lack of main rotor droop stops to prevent main 
rotor head mast damage. 

e. The throttle linkage, electrical wiring and oil cooler 
are not easily accessible for dally inspections. 

10 
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Weapong Syitin 

26. The 40 millimeter ammunition chute links, located closest 
to the weapon, wear excessively in comparison to the remainder 
of the chuting. Previous testing has indicated an ammunition 
chute service life of approximately 2,000 rounds. This service 
life could be extended considerably if the first four links 
of the chuting were constructed of heavier gauge metal. Correction 
is desirabls for improved operation and mission accomplishment. 

27. Two stoppages of the minigun were caused by crossover system 
Jams. The latches on the crossover mechanism failed during 
both malfunctions and allowed 25 to 100 rounds of 7.62 millimeter 
ammunition to jam between the ammunition cans and the top of 
the ammunition compartment. An excessive amount of time (30 
minutes to an hour) and considerable physical force with a long 
screwdriver and hammer was required to correct these malfunctions. 
Damage could easily occur to the weapons system and/or the aircraft 
because of the method in which the Jam must be cleared. A redesign 
of the system to prevent the ammunition from leaving the container 
during a crossover malfunction is desirable for Improved operation 
and mission accomplishment. 

28. During this test the weapons system contractor's represent- 
ative replaced the grenade launcher drire cable after three 
weapon Jams. The contractor's representative stated that from 
previous testing it was found that the cable could only with- 
stand approximately three Jams before breaking. An increase 
in the service life of the drive cable is desirable for improved 
operation and mission accomplishment. 

29. The following deficiencies and shortcomings noted In ref- 
erences 1 and 2, appendix I, were not corrected and were still 
applicable. 

a. The ammunition feeder roll pins on the minigun had 
an excessively short service life. 

b. The lack of a guide for the minigun ammunition chute 
to prevent damage to chute during loading operations. 

c. The ammunition loading tool for the grenade launcher 
is Inadequate. 

d. Separation of the teflon covering on the ammunition 
bay guide rails. 

e. Excessive wear of grenade launcher's rear gun mounts. 

11 
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CONCLUSIONS 

GENERAL 

30. The following conclusions were reached upon completion 
of firing tests of the XM-28 Hybrid Installation on the AH- 
1G helicopter. 

a. hj  safety of flights restrictions resulted from firing 
the XM-28 Hybrid installation within the flight envelope (para 
16). 

b. The intended mission of the AH-1G helicopter as a weapons 
platform is degraded by inadequate roll damping (para 17). 

DEFICIENCIES AND SHORTCOMINGS AFFECTING MISSION ACCOMPLISHMENT 

31. Correction of the following deficiencies is mandatory prior 
to further acceptance of the aircraft and/or acceptance of the 
weapons system. 

a. Inadequate forward visibility from the pilot's cockpit 
during contour flying and approaches (para 18). 

b. Lack of a fire warning system (para 21). 

c. Lack of a standby generator for Instrument flight (para 22) 

d. Link jam malfunctions of the mlnlgun during symmetrical 
pull-out maneuvers (para 23). 

32. Correction of the following shortcomings is desirable for 
Improved operation and mission accomplishment. 

a. Inadequate roll damping (para 17). 

b. Excessive length of the pilot's headphone Jack cord 
allows entanglement with the collective control (para 18). 

c. The XH-20 smoke grenade dispenser switch can only be 
operated when the Master Arm Switch is In "ARMED" position 
(para 18). 

12 
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d. Difficult entry and egress to the copilot/gunner's 
cockpit (para 19). 

e. When stowed, the flexible copilot/gunner's sight In- 
terferred with the gunner's right leg (para 20). 

f. The lead angle compensation switch and the gun selector 
switch, both located on the copilot/gunner's sight mounting, 
were unguarded and can be accidentally actuated (para 20). 

g. Lack of a standby generator for day/night visual flight 
operations (para 22). 

h. The 90-degree gear box and mount casting were not easily 
accessible for dally Inspection (para 25a). 

1. The lack of hand holds to assist In rotor head daily 
Inspections (para 25b). 

j.  inadequate amount of non-skid type material Installed 
on the stub wings (para 25c). 

k. The lack of main rotor droop stops to prevent main 
rotor mast damage (para 25d). 

1. The throttle linkage, electrical wiring and oil cooler 
were not easily accessible for dally inspections (para 25c). 

m.  Short service life of the grenade launcher ammunition 
chute (para 26). 

n. Clearance of mlnlgun crossover Jams is time consuming 
to clear and clearance can result in damage to the weapons system 
and/or the aircraft (para 27). 

o. Short service life of the grenade launcher drive cable 
(para 28). 

13 



  

RECOMMENDATIONS 

33. Service testing should be conducted prior to system ac- 
ceptance to determine if the Hybrid weapons system's reliability 
Is satisfactory for operation and mission accomplishment (para 
24). 

34. The deficiencies for which correction is mandatory should 
be corrected prior to further aircraft acceptance and/or ac- 
ceptance of the weapons system. 

35. The shortcoming for which correction Is desirable should 
be corrected on a high priority basis. 

14 



  "' — 

'K 

APPENDIX  I       REFERENCES 

1. USAAVNTA Final Test Report, Engineering Flight Test of the 
AH-1G (Hueycobra) Helicopter Equipped with the XM-28 Chin Tur- 
ret with Twin XM-134 Mlnlguns, Phase B, Part 3," March 1968. 

2. USAAVNTA Final Test Report, Engineering Flight Test of the 
AH-1G (Hueycobra) Helicopter Equipped with the XM-28 Chin Tur- 
ret with Twin XM-129 40 mm Grenade Launchers, Phase B, Part 
4," March 1968. 

3. Letter, AMSAV-E(EF) to CO, USAAVNTA, SAVTE-P, Subject: "US 
Army Aviation Test Activity Participation In the AH-1G/ XM- 
28 Airworthiness Qualification Program," 20 October 1967. 

4. Unclassified Message AMSAV-E(EF)-11-1368 to SAVTE-P, subject: 
"AH-1G/XM-28 Airworthiness Qualification Program," 15 November 
1967. 

5. Report No. 209-947-016, "Detail Specification for Model 
AH-1G Helicopter," Bell Helicopter Company, 11 July 1966. 

6. TM 55-1520-221-10 Operator's Manual," Army Model, AH-1G 
Helicopter, Headquarters, Department of the Army," April 1967. 

7. Priority Message, AMSAV-EF-2-1304, CG USAAVCOM to CO USAAVNTA, 
SUBJECT: "Safety of Flight Release for Phase B Testing AH- 
1G/ XM-28 Mixed Configuration," 5 February 1968. 

15 

■M - - -     - ■ 



-^  
■ 

APPENDIX   II TEST DATA 

\ 

16 

»_ 



m 

m 
i 

•■ 

rrrr 
■■ \iU 

- ,... rmj-m ■M-]:   ^njK'l1"^' 'I':i-|:i.;:!ll!![;:ii|;i;!{t!:T:,::['";[:!' ■■:1;1   '[ .,|^1 

iii S 
It 1  ■   ' ■ II I I II I   I   I  I  I   II   I   I 

•"Ti'it'i'M 

I      

■ «äritv BäU/tst us£o TCL QatAm Jtrr ^» 
WUf»Hr(LBS) ARH()H) 

475 

•--.:-• «I'^'t 

^_ 



. 

i 

• 

i 

0      V 

J ? 

60 

SO 

«       Q80 

UJ 
2 Ü 

Q W 
j 0. 

t ' 

70 

60 

50 

h 
L 
< 40 

9fe /CO 

srs 

Q. 
3 

2 u 

2g Ö     ^ 

< < ^y 

H 5 Jat /o 

P J 
< 

^ u     o 
? Q 
Q  I 
1 

J 
J 
0 S 

20| 

/Ö 

O 

t 
-/Ö 

: 

; 

,, ,. 
... 

-7—r 

XM-28 COME GAU-EB/A MINIGUN} FIRING 

: 
AH-\(S      U,SA^     «,/M  6fc- VSZ83 

APPROXIMATE 
A\J?SPE:E:CI CSCOSS VUGVSHT C. G.STAT'.OM DEMSfYV   ACT\TUC>e: 

-^ kTMOTS -»•LBS ^ ^NJ>. ~ FT. 
I30 8185 1176 ZftOO 

LOMGiTUCilMA.»-   CVCUC I 

I 

.„4-..- 

._;.Ui;lU 

■   a!' 
o o v 

. .. 

iiltLI _;: 

■ 

L  

.; 

■ 

liiüi 

i        J__... 

-/ 

■ 

y 

^z 
PEDAL. 

LATERAL.   CVCUC 

V— PITCH SCAS 

Q. 
o 
5 

z ROLL SCA«=> z YA\M SCA«» 

■■ 

  
■VA\W  RÄTE 

i "z: P\TC.H   RATE 
ROLL- RATE 

r 

: \. 

■     I 

I     ;   - i .^...: 
■ 

VAW A\ II-1UPE. 

—2: 

/ 

,r i     ,■      i      i i ii MM«' 

;  _'; 

: 
: 

ROLL ATTrTUDE _U_-^ 

1I.I   I'      - I 

■ 

-;- ^--r--!—!—rrt ^L ' 
PtTCH   ATTrrUQE 

i  --i 
1 

. 

::!:■ 

^u 1 

> LOAD   FACTOR 

I '..■,.   -A 

o 
■ 

:^;,.'.;. 

1 4 * : 

1 
- .r : ... 

-■-•.....^. -I 

: 

' . , | 

.,    . 

.... 

uiin 
i  -it .'. " 

'.  :; 

. 

3 4 5 
TIME"-^-  SECOklDS 

: : 

' 

; * 

iti 

iUiiiii 

.;:■. 

1. v 
::: 

■ 

. I 

j   ; 

Sil 

irniiiii 

ia 

■. 

ntttp 

■ 



—r— 

,  6fe-VSZS3 

- 

.„^a—^.-. ;1 

• r APPROXIMATE 
DeMS.\TV   AOTruC>e ROTOR  SF-EJEID COMp-^UfiAT^M 

•■ 

PODS    OUTBOMSC 

- 

. 

/. 

;..!.,: 

■ 

-^T 

. 

NOTES s 
TORRET Posmoti 
fO* LtFT A2IMÜTH 
FULL  UP ELEVATION 

Z. MINI&UN  PIRIN6 AT 
HIGH RATC f¥eK>o teuNOS/miJ) 

». oeM«»Ty ALTITUDC IS 
BASED   «N  UNMLIBRATCO 
fR»C   /M« TRMWMATWRE 

^ CNaiMC OUTPUT Pow«A 
APf»ftOXI»AAT«l.V 

& C»NPl6</RAT/ON    A 

■ 

i 



•; 

• c 5 
■ 

'■HTr 

3 ■ 3 
LG0K1DS 

■ 

■ ■• ■ 

1 i 
i L-- i'- 

k—-J L. .i'l,;' 

j 
■ 

■ 

i ■ ■' .: 



m 

AFFnOXlMATe 
A i OEwmTY ALTITUDE 

rt- 
:••■ 

rrr 
' ■W 

-;■:;. 

ROTOR SPESD 

»a 4 

■ 

i 

npF 

•- 

■ ■ 

CDKIHGURATIOU 

IWSTRÜ MEKJTATlOKi 

PODS    OUTBOARD 

;   ■ 

-r- 

;-. : 

' 

t   MtNICUN riKINOi AT  HtAH . 
«ATI  ffMo RWMO%fl*H*l 

m 
■■■ m 

i 



J i 

-r- 

|- SO 
x 

o w 
J ? 
Ü        ft 

60 

H   a«0 

0«! 

i 

I 
70 

60 

« 
SO fc < 

3       < 40 

risuCE. Mo: 4   ~"" 
XM-28 (ONE GAU-ZB/AM\N»6UN) FIRING 

AH->ä      USA     S/M 66- \SZfl5 
i 

A\«?SPEED GROSS VUE»SMT C.Q. STATIOM 

i •> KMOTS 
• 29 

-LBS 
Bteo 

*• \Ki. 
lfT.4 

tZT 

s 
ü 

I 

\SZfi!5 --1. 
:_;.... 

1 !•  i 

-.4... 

APPROXIMATE 
CiEMSlTY   Al^\TUDEL 

1- 4 FT. 
1900 

LOMGITUDIWA.L.   CVCHC 

ä wn PeOA>U 

LATERAL CVCi-VC 

, 

i 
' ■ 

• 

,1 .  I 1 

;{| 

••   i 

^^^^^ 



^^^^WB 

m 
_, __ 

;E. KJO; 4 
/AMINJ6UN) FIRING 

>M 

  

APPROyiMATe 
C>EMS>lTV  AUWTUDEL 

■ 

; I   .' £»00 

IC 

:;; 

: 

j__ 

r       /— r-i »\-r 
if)   y 

PITCH  &CASi 

z: 
:  

;   :■ 

CC>MF\&U^AT\Öfa 

•      :  ■     !    ; ! 

INSTRUfcAEMTATrOM 

PODS    OUTBOARO 

;■- ; 

i I 

I   

1 I:I:JI; 
-; *'. r i; i 

:.;!. 

n:,r.:! 

I   I 

IFF 

■ 

■ 
rfr^r 

NOTES: 
iTUflR«7 PQSITIOH 

90'n\SHT AZIMUT« 
FULL UP LLM.VAT10N 

..;; 

ind^i 

- 

•     i 

2. MlWISa« FlRlMe AT H»ftH. 
RATr (4000 ROUMDS/MIN) 

1 OEM^fTf  Ai-T4TAM>B 4* 
BA&EDOM UMC4UBRATC0 
FREE   AIR TEffPERATWe 

4 EN&iN£ OUTFUT  POWW 
APPROXIMATEUY 760 
SHAFT   HORSEP0>VC» 

5. OOHFIAUR ATKMC-A" 

■..,L_i_ 

«OLJL.  acA«. 
: .:; " 

I 
■ 

i ■ 

•     j    -i 

PITCH   RATC 

.... 

■ 

■ 

..l;.. 

.       , -.._._U 

:  i 
1-  4_ _ 

! 

ruoe; 

S.H 
»TU DE .     ,- 

I 
.   ■ 

; 

■■■.{■■.. 

4- 5 

RELCOM tÄ 

-T~: 

m 
.:.:  

■;t:: 

i 

  
■;^' 

—]L: 

-:!■::• 

-rrr 

I 

sfe; 

-1— 

I 

L,, 

..   . ... 

I 
  

h 

«J .,.. 

. i 

• 

/ö 

r 

• 

*s 

• 

;   •• 
-  ;. , 

-i -. - 

...  .. 

■, ;■ 

m 

r :..!. 

r-r; 

: 

I 

-rrtrrr 

M. 

-trr 

- —.-: 

' 

; 

■to 

It.;: 

 Iilt'tp 
lii 

.... 

1Ü 

im 

H!: ;■ 

: ■ 

:■!: 

; 

... 

ft! 

liii 
^rrt 

.i.. 

■ r+y 

... 

M*~ 

■ 

; :: 

r' 

:i;; 

tit 
Ft i 

;ir 

■* 

tifr 

tr: 



-1 

     — 



■Il 

  -■  A^äH 



. 

' : i 





• 

— 

■■ 

■i -1 

(4ol 

Al RSPEED 

la* 

PIGURC l\lo, 7 
XMT28C0NE SAU-EB/A MIKJIGUN) nRIN«_ 

\ 

. AM-IG USA    S/M*«-lS£a8 

-r 

GkROSS VUCKSHT 

~LBS. 
tl75 

i 
APfROKIW^fE 

C.<S,.aTAT»OW OCM»ITvr   AOVTUOt 

ft?  fe   'I'00 

n   3   ill 

Ü 2 in 
<   f  t^ o 

4-     • 4 

-1    ■ 

\ ^-~- 

«TOO 

LOMGITUDIUAL   CyCUC 

PEOAU 

._^_. 

LKTERAL   C?<CUC . 

■   ■ 

/ 
•PITCH  SCAS 8 

f 18L 
2(9 

-r~ 

i I 
ft 

op* 

■   ■:      \      ■ 

•VA\M SCAS. 
I BOLL- ^>CAS 

• 

/" 
l?OLU   RATE 

•YAVy   RATE 

YAVJ ATT\TUDe 

^ PITCH  BATE 

ROLL ATTITUDE 

■ 

. 

■ 

±f~ 

.   : 

.., 

n. LOAD   FACTO« 

!    ■    ! :    ■       ■ 

r-rr-r-TT* 

■ 

4*~ 

■.: : 

■     • 

i:Jju; 

. .    . 

. 
■•;i -rrr 

: 

-.; 

il ;:: 

•l.i 

__ 

-/ 

•flAAE'»' SCCOMOa 

■ 

■ ■ 

-•— ;    t m § 

'1 

\ 

: 



NöTT ."■'! rmmm ■ wßmm 
MINIGUN; riRi 

M 

<.:■:  ■■:: 

r-!  
-yr - 

■' — 

otrwwry AcnTuot 

-• 

.... 
... 

■ 470O *a^ ll4«TI«UW\CNn>mOM 
-- ,-   •-■ 

;:;: 

— | , 

■   ; 

!: [f^HfTrp 

— 
-    ■ 

... 

: 

',■ ür;!: • P 

SPCCD COMPI^URATIOM 

~- 
m 

— p t:;:. m 

— 

ZERO AZIMUTH 
FULL OOWM EL£VATfO« 

«• MINfGUN f\R[Hh AT HI«H 
«ATE (4000 ROUNOa/HIIH) 
OEWJlTV ÄLT4TUBI «» 

_. 

tu; 

■   :: 

■    : 

.:..; ±iU 
rü? 
— 

lit 

■ 

Tl± 
: 

ri 

■::; 

—T— 

,.: 

: .... 
-—r— 

  



1 

w vr. 

, . -a      -   .. 

01 a 

u 

i 
< 

j-eo 

■ 70 

GO 

SO 

'< 
J 

W 40 

y 
j 

8 
5 u 

TO 

so 

ill   50 

■j S  Uftt « 

B ?4 i 

«I <o 

E 
s ä> 

i3 

I 

.. r 

~kfMCSTS 
HO 

TTTT 
I r*\<sü(5E  Wo; 6 

rrr-rrr 

; 

XKI-28C0NE SAÜ-2B/A MININIS) TIRING 

AH-\G      USA.    S/Ki Gfe-   15Z8S 
■ 

:■ 

Cg ROSS VAJCIGHT CO». ST^T\OM 

IM.» 

LOMGITUDIiaAU.   CYCUC 

APPROVVMATE 
DEMSSTV   ACTVTUDEl 

iroo 

PE.OA»l_ 

xz l-ATERA»-  CXCHC 

■ 

z: PITCH SCAS 

Or 
O t 

+.„r„ 

- i w 

1 

■ 

Trrjr- i 
-+—+ 

.. . 

■ 

^ PITCJ 

i 
I i.      1 r.        I       .1 

VAW  ATT\TUDE: 

PITCH   ATTITUDE 

■  • 

;-..„       : ,-. .     . 

BOLL.   ATTITÜDE 

: 

LOAD. P-ACTOR 

".        ■' ^     ! 

'^•f-jr—   —H 
t-ROLL   SCAg 

i 
1 

:     • 

1 i:  ~r 
t 

r-eOLL  f?ATE 

■ 

- 
1 

■ 
,-:.... jj 

-f-- 

m 

rr-r 

-/ 

-rt— 

_L„ 
■r • 

■ ■• 

3 4 5 
Ti>ue 5j ^ECOMDS 

\  i • .ii. 
—  : 

■   ' ■  3 

■i ■     ; - i   J 

I 

—__  .  



MM 

i     I : 

IG) FIRING 

5Z83 

PB.Oy\MATL 
iJSOV   ALTVTUDG. 

"-FT. troo 

i, 

rr 

.:„K., 

; 

■;-••■ 

.  i 
i ■  i 

RQFTOR. SPEEO 

■ 

I 
I 

^-R.P/SA.. 

I 

COMFKSaeAT« OKI 

\ M STRU^AEM•TA■T^ O M 

POOS     OUTBOARC) 

^. ... 

-r- 

i 

TF^ 
■■ ;    : 

. 

1 

4     :... 
Mores : 

... 

1 

m 
:. i.: 

[: 

■       ' 

■     -; 

: i 

I TUKAKT  PoftiTieN 

aCflft tLlVATIOM 
g. MiMiftuN nnxH* *r MICH 

MAT« f ««M «MM»«/MM) 
t   M^siry ALTITVOK» 

»MKD AM ONCAUMATtO 
mm At« TtVk««ÄTO«ie 

H   ffrfCWI  OUTMr AO^IA 
ArP«Oir</*»AT«i.y 740 
SHATr   HOR&EPOWSR 

f.   CdNnftU«l|TlO«| A 

t ■'" ■■•" 

: 1 
| 
, 
i 

' -•  - 

•    ■ 

wj—■; 

—£ ROLL   SCAS 
I 

.. .. 

r-ßOLL  RA.TE: 

^ —^3S 
 =_7:- 

VAW  RATE 

T" 

; r '--■:  

PITCH   RATE 

  

x~i  

■■ 

• 
—1=_ 

;       i 

X 
• 

 •- 

..-;   ..4.::.;. 

m   1 1 

  

-■■-; 

".       , -:: 

* 

T 
•  ■  '  • '■ ; 

T 

T—    ---t—* • 

iJ 

. .. ; 
; 

■ 

■ 

• ■ 

,,...,.... 

i     1 

—n- ; 
,   ... 

i 

■ 

:    : 

, 

.   I 

I 

:  1 

■ ;■ 

i 

■••-r 

±„ 

I 

. 

rm 

■• 

..;; 

I    : 

" 

■ 



7 

• 

-I 

9       ^  70i 

■v*       — 

3 u 
u Ü 
>! OC 
U Ul 

1^       I- 
ul       u. 

5       -"30 

SO 

40 

Ü 
ZJ 
U s 
<f 

5 

»- 

5 
i 
o 
J 

i 

\ 
ui 
u 
cc 
u) a 

(Ü 

70 

60 

5C 

u. 

(P 9 5 
d t «J S < OC 
U 3 ui 
»n H a 

Ü«flOO 

50 

• U, 

55° 
ai 

j 5 «ifirSKS 
S; j; W' a 

Q -id 

ui 
O 

\ 

I 

a 20 

»O 

ui      o 
O 

-»o| 

z 
O _2d 

DC 

ul a 
o 

|o 

1-  20, 
1 

10 

-10 

-ad 

».-z 

: 

% Ü .^i.o 
9 4 v5 

ti- 
OS 

HcuRt Wo. 9 
XM-28 (OSie  GAU-2B/AMlNIGiUN)riR 

AH-IG   USA S/MGC-15283 

\M1NIG,UN) riRNS ■ :   : 

A\R5PEED GROSS WEIGHT       CGLOCATIO 
~ IW. 
I*«. 3 HOVER. 

N-LBS 
7725 

APPROK»MAT£ 
U        OtWSlTY ALTITUDE 

LATERAL CVCÜC 

i 
u. 

LATERAL CYl.Ut.--7 % 

 /___* 

-^-UDMGJTUOMJAL CfCUC 

-*—PE[ DAL i.   , 

' 

VAvkM RATC- 
-PlTCH RATE 

X 
PITCH ATTITÜDE 

POLL ATTITUDE 

1 

7-  
-VAW ATTlTUDt 

r LOAD FACTOR 

I 

I 
.1 

^FT 
«OO 

. . 

i 

..a 

4-i 

\1 
-t "i 

i 
•tr 

.... 

-I 

■ -.   -," T 

--f- 

- —«J 

■ . . •     : 
-rr T\M E. «- SECOkADS 

mmmm 
i: I 

.... 

;::   ; 

- 



kutvA Cio 
! 

m L|i . j;: . ... j ;;; :.:., 
i 

j::.. 

i 
j ■ 

n; t' 
• ■ 

i 

{ ■ 
lll\ 

1 ;' 
!iii 

•. 1 

i 

1  - ]—■• ; •;: i— 
; 

' ' 
■"""•■•v. ; "'* j      | 

j 
1 ..:-...... 1 4-- . ■;   i , 

L. ; 

T:*'*' 

j. . :-.. 
i 

•: : . :'■ 
.;.. 1 

i 1      : 
j 

.    : 

i     '    ■ 
I         ■'.■!■   i ::   M 
1           AFPROKtMATt 
1     DtUS\TY ALTITUDE 

■      ■ 

ROTOR SPEED 

i 

COWF»GU«ATlOM 
1 -  ■    - 

N 

! 
!    i i    :: 

  

i 

1  

, 

r • FT. ! 
1 

■ 

1     :              i .   i 

»NCTRUtAENTATlON 
'' 

■ ; j ! • ; 
DTt«: 

I 
i 

r    T- 1             1 j POM    OUTOOAfCD f.    7ÜKKWT  PO*IT|0 
«O* RICHT AZIMU 
MKO CtrvAriON 

£  /MINI «ON wmmc * 
»ATK  (¥000 *•<* 

JL   OCMSITV  ALTITW 

TH ■ 

■ 1    , 

: 

■ ■   1 

i 

i j 
!                         : 

iT HIGH .        :- 
*0*/ MiN) 
)£   /S 

' 
I 

j    ;    j 
0A«CO   ON UNCßUmRHTMD 
MEt    Am  TIMPCltATOlfct | 

■ 

: 
i      ,      ;      : ■   ! 

L...     ;.'....:     

¥.    IMCmt   OUT POT   POWKR 
APPROKiwvATn.y «re 
SHAM"   HAMKPOWCR 

fc   CONFl&ORATlON    * 
.   ■ 

:              ; 
j   . 1 

i 
i 

i 
1       ..!.... 

: :   ;. 
■ 

... : j      .;.. |   : 

■.-- 1  ■   ;  ■ ■ 

1 .. 

. - j 

t 
-   i 

i 

■ 

j 

i . 
... ~. : . - :• 

j 

1    :    :        1 

f 
.,... ' —=:r__ 

•    -4- 
; 

i         ! 

.      ..     i         ^ 
j 

:     ■ j          • 

;   .. J ■ . 

■ 

;       i 

j 

.      .     i        ■ 
rj ■ 

'    : ■ 

-' 

 i  
1 : 

. 
■ - :    .       ;       i 

■ . .   ■ !      i. ;,;;;,. 
■ : 

. 
:.... 

;■ 
i ■ i    .   i    i i:: 

:  ■ 

. ■ ■' • , • 

- ~.    ^ -^ -    . .   -. i 1    ■ 
; :.;r 

IDt 

■ 

1 .     .      • 
■ 

■ ■ . .. 
i 

; 
. 

: 
! 

i 

I 

■:• 

i 

i —*.U 

■ 
:■ 

i 

■   • 

■• ■     : • 
■ •; ;■ 

;-: 

1 
,   .. . 

i  . 
: 
: . 

■ 

i.;; .:. 
-    .    l_. 

: : ■: 

  
; 

— i ....;..- 
■■-! 

J 

i                                     i                ■ i      . i : : rF 
: 1 

.4 '      -  ] 

::;. 

- 

i  ■    i    ■ i 

'   '        J 

'it 
'            i        ,            1 

-—r 
i 

i 
: 

'■ 

,   ,. '■■' 

i . i 
■ i 

. 
..... 

■   ■ 

' '"    1 

: 

j ; 
d ■ 

  ■ . . .. ■ 1 

• 
■-1 ■ . _._;__. 

j i.. ... 
■ ' 

.:. ,.,;._, .... :.. • 

H"   ■ 1 

....         , 

..:■! ; j ; ■ i 
■ .: ■   ! 

.... J. .   -   . 
■ 

-■'-\ 

j I 
■• ^   ! 

'             ' 
" '         |                j j     „J 

. 

l: ! 

!     1 
'■. 

■.  '.      j 
;  '    1 1 

i 
■ j .„! 

■ i 

' 
■ 

■ 
::; j _.:. i 

[|  
1 '   '        1 ;           1           | • i   i 

| 
: 

: 
: 

;:, ( 
,   j 

1 j  r:T]\ . i" ■ i ' ':-            :    .'        :::i             : '   .      1 
• 

■ 1 
! 

h          s 6 

i   . j 

■A 

: 
1 

•* 
• j i i i • i< > ■ 

i 
i 

; . 
• .   J 

M 

1 
i ?5ECCMOJ s. Ii     !  :! j I   i 

—^——J 

Ii          1 '■    1 i 
:;1             ;;.:   ' 

 ..: m _—;  

1 ■ 

L. .   . 

.... 
' 

i i ! ; l • ■ i 
" ■   '< 

j ;   ■     j 

i L. i .   ! 
 -J • J ■   i 



-rtrrrr 

XM^aiONt 6AU-2ß^   MINiaUN) FIR 

.:!{... mm® 
■ - ■ 

..:; 

______ 



IINIQUN): FIR|Nf|: :1. 
m 

b- 152.8 I rlifej» [] 

wm 

TTTT 

'■; 

[a] 

^PPROXIMATI 
W     DEW1SITV AUJTÜ^ti    ( RpTOjl ^P^ED 

<    r~ PT. 
3000 

mr rrm ,::: ffl 

M:- 

; * ■ ;  • 

mi 

m 

:.::: 

i t^fiife Mnfetifefci 

; ;: .;.. ..:. , 

J±! 

T 

tti 

■.;■ 

;..:. 
I :•- 

: 

,: . Ell if 
ti! 

put:::. 
;•;■■ 

rrTftrT 

— 
•;i: 

:.. 

i    ,■•■ ;-:'■: r 

m 

:;; ::;; 

t::; 

«f lllpl WM«»»» [! VA. 
rV4i«UN F«R»NG  AT «•&« 

O/y uNCAUBHAteO ***£ 
A/« rc*rfAATU*£ 
ViciMt OUTPUT Pawc* 
«f«lO>eiMAT£t1^   : ~!     ; 

IO\0 SHAFT H««SCPOW«A 

:: 



■       I      '■" - 

-—~TT 

aaa 4.'--:. 
] r""T" 

I 

U ki 

ö a. 

i BO 

Ig 

3 £ 

60 

SO 

40 

<   30 

..Si 
50 

1 = '* 

oJ I PI'0 
J._. 

U 

i 
& a. <   6j-/o 

a -to 

/ö 

11 
I 
ii 

f 
ä 

.a r 

8  ff 
■■ 

•r— 

; 

0 0«^ 

,■ . 

— 

^i*u*e"N5on 
XM-28 (ONE. GAU-2B/A  MIMiaUN)  HRma 

mmn TTl 

I     .   1   . . 

Ai RSPeeo 

-^ KMOT S 
HOVER 

AM-««     sm A    S/M 
:   ' ■ 

GROSS VUeiGHT C.S. ST>ST«OM DCMBITV   AUHTUDC 

-j : • ■ ; ■ ; 

APPROXIMAT 

' 

-»-UBS 
8SIO 

^ FT 

LATERAL CVCLIC . 

^rtp 
: 

~4- 

■TTl 

• -: 

M. 

LOMGrrUDIMAL.   CYCLIC 

^-PITCH SCA"» ; 

m 
ROLL %CAS 

-~T- 

y~ ROLL   RATE 
Lip 

i 

/— oi-r PPTCH    RATE 
\_ VAW  RATE 

/-ROLL  ATTITUDE 
/ 

PITCH   ATTITUOC 

; 

-/ 9 

... —i- 

'   ' 

' 

Tl^t ^ secouos 
■ 

■ 

-r-r— 

•:      1       ':. 

rrrtrrr 

i-:;;i .ni 

■ ■  :   • 

-r— 

Ms J 

-     ■ j 



MIN;I6UN) nmNö 

.— 
_4.*.,. 44.4. 

ü 
1 

!Tr"!TTft|-!-'r 

,   i|   ; ,, .. 

'::'|v \'r ■ 

• -„-i-.i 

.... 
. .—ll. 

. 

APPROXIMATE 
OEKUH-ry AUTTUDE:       ROTOR SPCCO i     cown CIüRATIOW 

~     f „/..      .    TFT    . —| >.--.,., 

- 
J Ni^TRUMCiaTAT IOM 

" 1 

—•- 

■PTTfTTT- 

.  -; t,.'. 

ife 

^ 

■-1 

■ 

i. 

;1 

1   ri»«jWT «»•IT/OM 

u 

-Ht 

-—r 

; ZIIIO A2IHUTH 
iwno CVfVATMH 

«•    ^IN|«UN   rmiHG AT HIGH 
•AT» («#*• 4MMOft/^M} 

x   ocMtnv Ai.fiTv*»/•-    - 
ffASCO 61« WKAUtMir«» 
n^«C AIR TiAPtaATaKti 

Af^RMtMATCty i 9IO 



  

; ■  •   T 
■ •-    •* 

I . 

I E 
Q 

< 

U 

Ö 

a 
a» 

J 

■ 

fe50 

5/to 

:i_.; 

Of90 

3     u. 

< a. It 

70 

GO 

0 
2 
Q 

^       SO 

Si 
i 
5 

§5 

SO 

n-Sio -« t! O 

10 

IJJ aac» 
0 3   i 
~) 
p id 
—■ 

f 19 
^ u O <. a 
T   ' 
U 
F 
a 0-2J 

^20 

10 

; 

: • 

: 

1 
- 

i 

1 

: 
•   j 

gt 

I 
2    n 

< .-10 

J      w 
S    -20 

l.t 

^    O« 

-1— 
■: 

. 

AIRSPEED 
^ KIslOTS 

HOVCW. 

iTfouRkKldlÄ I 
XM-Z8(ÖNE   GAU-2B/A MlNISUN)Tm 

AH-1G     USA    S/M&&-152.81 

it 

GROSS WEIGHT 
^-LBS 
•OSS 

CGSTATIOKJ 
~ IN. 

t9».7 

APPROXIMATE 
DEKÄITY ALTITUDE 

'-FT. 
1700 

LATERAL  CYCL\C- 

LOKIGITUDIUAL   CYCLIC 

^EDAL- 

1      ! 
■1 

KOLL ATTITUDE.- 

1 

LOAD  FACTOR- 

i      :     ! 

i^Ooioi 

ROLL  RATE 

\ 

-VAW ATTITODB    'Nä 

-I • 
! 

.. 

■    —4 

I 

4- ■5 

Tl ME   /N» 5ECOUOS 
■     i 

--- - 



N6 yMNiaUN) FIR 

iG,-152.83 

APPROXIMATE 
DEKiSlTY ALTITUDE 

■ 

■ i 

■ 

ROTO* ftPfeED 

-RPM 

T   " 

T" 

: 

-.1- 

CONFIGURATION 

I 

■  i 

ir-rrrm 

■ 

::;. 
—: • 

! 

NOTtt: 
/.    TURMtT    Fft»»T»ON 

2C1U> AZIMUTM 
2«.t*0 fl.« VAT ION ... 

« 
rrtt 

:. 

A 

• 
i 

A   MINI6UH riAINt AT MIC«  *ATI 
^«««O Ä»t»/VO»/MiM ) 

S   OIHftlTy   AtTlTUOC \* MM^ 
ON UNCAklSKATK» ffltC 
MA TC*PmATUnt [ 

«   CMftlMS   OVTPuT H*** 
APPHM/^ATCty If« 
SMAfT H©«.*t^wtm 

%    COMriCVUATION ft 



—'  

XM-28   ONE GAa-2B/A MINlSwlHt^H^foi 
l  ■       =    \       •   • 

H-iG   usA «m^-isaa^;,     . .    ._.  

APPROXIMATt 

r:i,:.ri;r ... t . 

r.. 
. 

t 2 

■      . 

JL. \ ...a ., 

3              4- 5 fi k ; 

■ 

1   , :     i     ,    • 

^ÖECOMDS 
! 

;;;; j 

: 
• liil J  

t 

_ 



I   My 



  



'KJaT^T""!   i   lip 
/A MINIdUK) FlRmö 

^U fee--(5283 

APPROXJMATC 
Dewsirr ALTITUDE 



■ 

I 1 1 ...   1 L_ 

-       . J 





MM 



«yM^- 1528^ 

APPROKlHAr£   • 
r»oM      OHMStTV AiTTtTUoe: 

eui m 

"1 

. 

2 

— 
■ ■■■ 

if* FX 
3000 

— 
. 

THT 

'"■I i: 

H . 

':-—'—> 

y— ri PITCH «.CAS 

— 

rtfr 

;: 

tarr*1«*- 

■ 

m ROLL   RATE 

:! 

I 
MI 

i 

: 

' 

- 
■ 

; 
: ; 

i ti 

UP 

.... 

ta i 

:.' 

tr ,,. (. 
':l.t. 

KOTTOR 

I 

rrr 

ü 

r-rtrr 
iülili 

»•'••'ys.-U; m 
^__ 

11 

_ 

jrrt 

K:-; 

j—»OLL ATT1TUOC 

-1 LÜ  
VAJW ATTITUOC 

üife _^.... 
m f 
- 

• 

-:r:;. 

-;: 

rrfiiHt 

.: 
■ 

.::• 

  : 

-?-" I 

i- 

... 
■ 

,•: -T- 

.... 

■ ; 

:  :■ 

it) 

m 

| 

— 

C0MP>Guja<frio 

ffl 9 

:: 

nRüi 

_.. 

1 Ki &TRtiAAEMTACT lOKi 
POOS  otjrTrBOA.R.0 

IÜ1 

tu 

■ 

ff r.: 

-r 

.•: ;: 

4 

—- 

-,.-]  

r 

m 

mtntn 
i 
:•■.: ;.:■ 

... p... ~t-r 

ttSÖTO 

.... 

-. . JiflTJ 
- 

•ni v. 

.„-: fttrl.- 

TURRET 

::: 
~r 

■:   ;:; 

Söfiffl 

t?:)- i 

r— 
POSITION 

ZERO AZIMUTH 
Wttfci, Uf CtIV<!»T4fM*|— 

nTFTTF 

::•; 

M 

Hrnr- -; 

ocwfl/ry ALTITUDE /5 
BAS£   OH UCALIBRATCD 
FRIC Ä//t TgMWUiATUKK 

3.£N6(MC OUTPUT POW£R 
APPROXIMATELY ÄO 

ICONFltUHhTIOH B 

■ 

■ 

.... 

... 

:• 

•:-:+-■' 

...... 
..  1.. 

—-f-r 

rrr-t—' 
i 

- ■     ;-.{«.•; 
fe 

■ 

■ 

... 

■ 

—-frr 

.... 

m 
- 

11**-.• ■. 

1-—r-rr 

T 

ttr! 
rntrr 1 

-;. 

:i 

rrr 

S« 
_ 

i 

HtSSS 
, Bö 
•    :•■ 

- 

. 

-,n- 

;±i   ; 
■.; 

~, 

;■■,• 

t-rrr 

■;- 

..■■.-- 1 gpltg 
"ttl 

I 
■ i i 

-.— 

1.1: 

::: 

i 

mm 

■ 

 I 

~ 

m 

; . ■ 

;   i 

:;;.: •T: 

■K 

■■: 

T: 

IK: ;i!t 

-f^ 

■ -' • 

::; 
rtl! 

Im 

.:. 

. v.v 

it: 
;■: :   ! 

^r 

i 

(ü 

ip 
.. Lfl 

i 
— 

:-' 

'.'■': 

TFT 

üi 

fei 

,~ 

a: 

in 

.TU 

»tt es 
■ 

m-.z- 
T 

Kti 
trr: I H_ 

•tt 

fiH: 
r.f: — 

■■' 

il 
1 :■;: 

Zlli; 1::; 

- w 
■ 

fi'.i 
lfl TTTT 

- -- 
-m 

1 
r^ ■rr m 

:.:   ■■■ 

:;: 
:n; 

^-*. —» 
— 

'.'h 

- 

mi 
■ — _ 

' rttt ~-: :":'. •::: TTTj 

»ffi? ÄS 

■.; ■   ;' 

— 
—tj 

■ -rrrrr 
.. 

rrrrrrrrr- rrf 
••■ 

_ —I— 

i 
■ 

._. 

_ 

-r- 

. tHi!     ;:: 
:: :;: 

■   : 

Uli 
.• • 

j  — _ 

1 
  

iMis 

■ - 

.:   . 

TTTTT 

t:: 

/o 
•T • 

_ 

:r:.- ffiffi fl 

rrrr 

r.:. 
in 

■j+ftOT — 

--r 
■ 

_- 

h: m 

1 

:,■: ;:;• 

— 

rrttr 
:::; 

rtt;:: Hnfett 
:t:- 

uü 

■\:n:\:m 



"^1 
.... . 

■   • . 

... 

—-h 
■' 

i £« 

, 
■ 

; 

•   ; 
XM-2ö(0WE XM-129 LAUNOHt«) RAN« 

W-JG AW-1G 

Ü 
-I _ 
OV 

j 
-      a 
J       2  80] 

T0|       Oh 70 

Al RSPEED 

129 

ai?05S WEIGHT CG» LOCAT10M 
r^. LBS r^» W, 
802S 198.2. 

SO 

-I 4oJ 

§s 
%0 

50 

» 

Ul 
o 

^t-5 

_.;.:.. 

: 

:■■ 

i s 

oewsitY AtnruDt 

02 

3» 

rf H ?rl^ 

50 

Ul    . 

C   ttiP 3i2 
7 ' 

■ > 

U) 
4ft-»,     | 
3 

IÜ 

t 
fr.-rt; 

r:: 

■ 

i__ 

j:5- 

»o» 

t- 2C3| 

15 
i 10 

1 I 

■ 

HO       < -IO 

• 
G.. 

; ''~ ~T   ~ " —    . >- 

.., 

  

z— ^^ PITCH 
r. VAW RATE 

RATE 

1 " 

-ROLL ATTITUDE 

... *—-r- 

rr 

'        i 
■ 

v: 
■yMJ ATTITUDE. 

-^—.     I     1        >-t| m»! Hi [Mil 1  I 

■ 

PITCH ATTITUDE 

. 
i LOAvD FACTD 

..     ■ 

- I 

. 

  
' 

I 

■ ■ 

■■' 

— 
4- 

I; :: 

~4 

—- 

lii ::',:, 

  

" 
  

* 

— 

-rH- 

'P. 

— 

.., 
TlMt   — BECPUDi    i_I 
' ■   i■T   ! :. 

■ 

■ ■ ::;•;.. _.L_x-_ 

— 

t~ 

■ 

:■ 

-i_ 

—.—. 

■■.-: 

—:- 

rr( 

4TH' tttr 

■ — 
. 

- 

t. 
_ _ 

._ 

ä 

■■5 

-t 

1 





' 11 

■ 

— 

... 

: ;!:: 

■ 

J 

tt     fe ©Or 

. 

.._.L .. 

. 

■ 

,,., 
-- 

:. 

- 

XM*28fOMEXM- 129 LAUNCHER)lFIRlh4 

: 

A\RSPeED 

■* rvjcn-s 

y 

a 

8 I E   1^ 

^ BO 

Ü  t      TO 

u 
V    » /O    I.I 

-T- 

j 

. 1 

Q  Ui 

i t 

t/? F  to ^ s ^ 

it 

ti 
so 

o 

J % Mat>0 
«3* 

M» 
i S 

F tQ     o 

. 

£ -Äy 

2ö 

?   ß 

i.i 

a- 
I» 

? AO 

3^ 
T. 

j; 

■ 

■ 

S 

. ; 

QROSS vUEKäHT 

— LBS. 
80«0 

-is«as 
iiil      i 

4;4 

APPROXIMATE,. 
C.Q.STAT\OM OB>4arTV   ACrvTUDt 

tm 

A L0W6ITUDIWAU CVCUC 

*» IM 

PEOAL, 

z LATERAL   CYCLIC 

' ä 

YAW SCAS 
PITCH 5CAS g 

03 

■fa 
- 

;OLL SCAS 

I 
ROLL RATE- 

 - i^^^- y_ 

■ n 

t 

iHMttl 

' 

. 
• 

- 

•v. —' 

-   L 

. 

ROLL ATTITÜDE 

-PITCH  RATE 

VAUlATTITUDe z 

I      '       ,       ■     -   ■ 

I   ... 

+U4 

. ' 

-I-.U1 

■ 1^ 

1 

~ / o 2 

rti !:;;, 

i      i 

i_i .       I 1 i  : 
:    . J w-J—1—J Lsit 

TIAAE - SECOMP&.   



AUNCKER) 

l ■ -    rt 

APPROXIMATE 

ZfOO 

■ 

1 

I   ÜU ';: 

; 

■ 

,,. 

1 

Uli i^; .. ;'.,... 

■ 

~~.i ]•■■ 

■ 

SPCCO 

■ 

msm 

\»siaiTRLl^AE^^rA■T\okl 
POD»    OUTBOARC» 

W +TrJ '-*&■ ffj   ' ■' 

:  I 

.. „:. 

L     ; : 

-  ■  i    ■ •■1 ■ 

I 

—*~ 

. 

;..; 
;;i 

4^; 

tti |,   : 

•    r ■ 

rl: Ml 

i - 

--4"-t 
■ 

.. 

■r.-~r:-:: 

^71^ 

-r-t- 
TURMLT lottTlO*» 
fO* tint   A2INV0TH 
PWX DOWN tfctVATIO/tf 

i 

It Oil« «IT y   ALT I TOOK   i«_i 
IMC5  OH i»NCAL«BAATi6 
FIU«   AiH T«*»I»MÄTU«| 

A CHfttlM« OOTI^»T Powca 
APr*nexiMATCt>y 7«i> 

.: 

»M»Srr   HORtCPftWBft. 
«I   CX>MWOU«A-nOH a 

'  -rrrr " 

T 

. -~~ , 

— 

ia 

. ... 
: 

:• 

;; 

^ 

—r 

'.: 

■ 

- -.i; 

■   ■ 

nr* 

mm 
.■ 

,„: 

_. 

• 

m 

. 

rr—»rr 

»AAE - SEOOMpS. 

 :     ;     i   ■;  

:■ :■,; .• 

■     I     ■ 

mä. 
",: 

i 

, 

m 

m 

:—r 

IO 

ii 
•■„i:.:: 

■ ■    tu 
 ■■      -    ■--• 

:. 

H 

■:: ;- 

•   ~'- ■:■■ m . :h'f;} 

PI 



T 

■ 

I 
■ 

■ 

F.GURE  Klo. 20 
XM-28 (ONE   6AU-EB/A MINI6UN)   FIRING 

•      I' ■        ' 

A H- \ G   USA S/N &&- 152*5 : 

1 

i... 
— ■ 

APPROXIMATE 
AlRSPtED GROSS WEIGHT      CG. LOCATION       DEMSITV ALTITUPE 

^KT5 /v^LBS, ~IKi, A, FT 
ROTO I 



T—r-y 

ÖUN)   FIKING 
i.   i    t; 

,«5 , 

xr:n "T" 

■     

LAPPROKIMATC 
IWblTV A\_T\TUDE        ROTOR SPEED 

3aoo 
k.. 

aa^ 
COKJFIGURATION 

lN»TRUiyMNTATlOH 

PöDS  OUTBOARD 

Z. 
CNCUC 

PITCH ^CAS z 
^ 

11 l~~l 

i RATE—^ 

WL.J^ 

-ROLL ATTITÜDE 

LH ATTITÜDE. 

I 

; 

.J_ 

■ 

■ 

i 

NOT i«: 
/.   mRIT  POSITION 

SO» RIGHT A^IWUTH 
tULU UP CkCVATION 

Z.   MltlltVN  riRlNft  AT  HIGH M 
{♦OOO AOoNOB/WIN) 

A    P«W«ITV   AcTiTUDf  IS   lASOO 
«M  UNCAUSflATID 'MS 
Am. T^.^^PtAATo^K 

«   «VA/NC ourmvr ***** 
APPROX/MATCiy  7SO 
(«AFT   HMSffpBWCA 

S   COWP(6U«ATlON  A 

■ .1 

-r- ■ 

■: - 

.. 

! 
t 

I 

| 

i     ; 

H 

i 

■ 

■     ■■   ■     ' ■ ■ 

. 

i SECOUDS 
4 

,    i 
1 e ft 

! 

  '.'■ ..... 

: 

i • 

■ 
■::.; 

IO 

■ 

1 
■   . 

.... 

:.■!.■ 

- 

: 

„ i... 

i :: 

-i 

i.. 

I 

■ 

1  :   »■:; " 

.■ 



"•— ""-•"'■ — ■ I  —" 
«■i  ■  ii g^HH 

El 

- 

TTTT --r- 
^MSffe CMmiAnav 
A*   SO    i/SA    *S*fe/J**3 

■ * ■ • ■ t ■ 

. 
•.:..., 

j .„    Qffoss IWGHT     casrATiohl  /»evx/rrALr rtora/rsAej/ji^. 

—Ti..HI ctntm 

• .: 
tci.m 

- 
.     : 

»£QOlßS. 

Mi fi 

/99./ //V.      «sMste» rrfry&j   394 /ttwi 
ccu/jr/GO'/Mrs0A/ 

S7**J*4*£ SrsrtM 

/A/S r/?l/MW TA TJOfi/ 
—- 

• ■ •• • 

„^:. 

...:; 

,.;; 
n 

Eg: 

yVf?r/-S.    /.    CAM/B/fAT££>  f>AC£/? 
A/A?AX A A/f l/Sra AS A/At- 

■ 

; 

O      90     40      CO     to    ZOO     /80   Ma    At»   /# 

XA/0/CAT£0 A/ASPM/? "AAtors 
f C0/t**cr£O SO* /MST/*4/M*MT £/9***) 

37 

• . 

t 



— 
■■■" 

i 

APPENDIX III FLIGHT RESTRICTIONS and 
OPERATING PROCEDURES 

1. Limit Airspeed (V ): 

Hog or alternate configuration - 180 KCAS below 3000 feet 
density altitude. Decrease 8 KCAS per 1000 feet above 
3000 feet. 

All other configurations - 190 KCAS below 4000 feet density 
altitude. Decrease 8 KCAS per 1000 feet above 4000 feet. 

2. Gross Weight - Center of Gravity Envelope: 

Forward limit - Below 7000 lb, fuselage station (F.S.) 190, 
linear decrease from F.S. 190 at 7000 lb to F.S. 192.1 at 
9500 lb. 

Aft limit - Below 7880 lb, F.S. 201.4. Linear decrease from 
F.S. 201.4 at 7880 lb to F.S. 200 at 9500 lb. 

3. Sideslip Limits: 5 degrees at 190 KCAS. Linear increase to 
20 degrees at 60 KCAS. 

4. RFM Limits (steady state): 

Power on - 6600 to 6400 engine rpm 
324 to 314 rotor rpm 

Power off - 304 to 339 rotor rpm 
transient lower limit 250 rotor rpm 

Power on during dives and maneuvers 319 to 324 rpm 

5. Temperature and Pressure Limits: 

Engine oil temperature 
Transmission oil temperature 
Engine oil pressure 
Transmission oil pressure 

6.  T53L-13 Engine Limits - Installed: 

Normal rated (maximum continous) 
Military rated (30 minute limit) 
Starting and acceleration 

(5 second limit) 
Maximum for starting and acceleration 
Torque pressure 

93o 
110° 
25 
5 

C 
c 

- 100 
- 20 

psi 
psi 

625o 
645° 
675° 

c 
c 
c 

• 

760° c 
50 psi 
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APPENDIX  IV     PILOT'S  RATING SCALE 

I. CONTROLLABLE OR UNCONTROLLABLE 

ACCEPTABLE OR UNACCLPTABLE 

SATISFACTORY OR UNSATISFACTORY 

I ^T 1 I 1 1 I 1 1 
Al A2        A3 AH        AS        A6 U7        ÜB U9 10 

Chart A-l.     Sequential Pilot Rating Decisions . 

|     CATEGORY DEFINITION 

CONTROLLABLE 

UNCONTROLLABLE 

ACCEPTABLE 

UNACCEPTABLE 

CAPABLE OF BEING CONTROLLED OR MANAGED IN CONTEXT 
OF MISSION, WITH AVAILABLE PILOT ATTENTION. 

CONTROL WILL BE LOST DURING SOME PORTION OF MISSION. 

MAY HAVE DEFICIENCIES WHICH WARRANT IMPROVEMENT BUT 

ADEQUATE FOR MISSION.      PILOT COMPENSATION,   IF REQUIRED 
TO ACHIEVE ACCEPTABLE PERFORMANCE,  IS FEASIBLE. 

DEFICIENCIES WHICH REQUIRE MANDATORY IMPROVEMENT. 
INADEQUATE PERFORMANCE FOR MISSION, EVEN WITH MAXIMUM 
FEASIBLE PILOT COMPENSATION. 

SATISFACTORY 

UNSATISFACTORY 

MEETS ALL REQUIREMENTS AND EXPECTATIONS;    GOOD ENOUGH 
WITHOUT IMPROVEMENT.    CLEARLY ADEQUATE FOR MISSION. 

RELUCTANTLY ACCEPTABLE.      DEFICIENCIES WHICH WARRANT 

IMPROVEMENT.    PERFORMANCE ADEQUATE FOR MISSION WITH 
FEASIBLE PILOT COMPENSATION.                                                    j 

Chart A-2.    Major Category Definitions 

39 
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APPENIDIX V     TEST INSTRUMENTATION 

Flight teat Instrumentation was Installed in the teat helicopter 
by the contractor prior to the start of this evaluation. This 
instrumentation provided data from the pilot's panel, copilot/ 
gunner's panel, and oscillograph. The following instrumentation 
was calibrated by the concractor and approved by the USAAVNTA 
flight test engineer. The flight test instrumentation was main- 
tained by the contractor throughout the test program. The 
following parameters were included in the instrumentation package; 

a. Pilot's Panel 

Standard system airspeed 
Standard system altimeter 
Collective stick position 
Normal acceleration 
Oscillograph counter 
Sensitive rotor tachometer 

b. Engineer's Panel 

Standard system airspeed 
Standard system altitude 
Turret azimuth 
Turret elevation 
Oscillograph counter 
Free air temperature 

c. Oscillograph 

Longitudinal cyclic stick position 
Lateral cyclic stick position 
Collective stick position 
Directional control position 
C.6. vertical accelerometer 
Pitch, roll, and yaw attitudes 
Pitch, roll, and yaw rates 
Copilot/gunner's vertical acceleration 
Altitude 
Delta torque 
Linear rotor speed 
Turret position 
Longitudinal, lateral, and directional SCAS 

actuator poaltion 

41 

      ,      .. ■ --■-  I,« 



APPENDIX VI    PHOTOGRAPHS 

PHOTO l-Front view of the XM-28 chin turret with the 40min 
grenade launcher at left of phovo and the 7.62inm 
automatic gun (M-134) on the right . 

PHOTO 2 - AH-1G helicopter,depicting stow area for ammuni- 
tion cans in side compartment and the oscillo- 
graph installation in wing pod . 
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